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General discussion and conclusions
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As shown in the various studies reported in this thesis, 6-mm implants provide a 
stable base for prosthodontic rehabilitation with high patients’ satisfaction. One-year 
marginal bone loss was very limited, survival of implant and prosthetic construction 
was high, and peri-implant tissue health was favourable. Furthermore, crown-implant 
ratios were not associated with treatment outcome.
One year marginal bone loss (mean 0.1 mm) was limited (Chapters 2, 3, 4 and 
5). This limited marginal bone loss, accompanying the use of short implants, was 
regardless whether splinted or non-splinted restorations were used, or the short 
implants were placed in the posterior region of maxilla, the posterior region of the 
mandible or the interforaminal region of the edentulous mandible. Apparently, in 
case of medically non-compromised patients as used in the studies reported in this 
thesis, limited bone loss can be expected. Applying a platform switch of implant 
and abutment, and/or the applied surface roughness at the neck of the implant, 
could be reasons for these stable peri-implant marginal bone levels. In the study of 
Telleman et al. (2012) similar findings were reported. Being aware of the fact that 
one-year results, as reported in this thesis, are not sufficient to draw firm conclu-
sions for future application of short implants, the results of the current studies raise 
the question if the focus on implant length is at all important for a reliable treat-
ment outcome of implant-based prosthodontics. Pierrisnard et al. (2003) showed 
in an in vitro study, concerning stress distribution, that regardless of length, most 
of the stress occurs in the upper 4-mm cervical region of the implant. Probably, im-
plants are predominantly born by the dense cortical bone around the neck of the 
implant and in a much lesser degree by cancellous bone. So, the questions can be 
raised whether an implant length exceeding 6 mm is clinically relevant with regard 
to implant survival and peri-implant health. 
Himmlova et al. (2004) performed an in vitro study where the width of an implant 
seemed to be far more important in stress reduction than length. According to that 
study, bone stress is reduced by 31.5% when increasing implant diameter from 3.6 
to 4.2, and by 7.3% by increasing the implant length from 8 to 17 mm. The short 
implants used in the studies reported in this thesis all have a diameter of 4.0 mm. 
According the Himmlova study, these 6-mm long and 4-mm wide implants might 
have better bone stress conditions than conventional 11-mm implants with a 3.5 mm 
diameter. 
In this study short implants were loaded in function without restrictions. Full oc-
clusion and articulation were obtained. That implicates the need for long restora-
tions in case of severe bone resorption. Contrary to the common feeling of over-
sized restorations being more vulnerable for device damages (Blanes 2009), the 
one-year result gave no adverse device effects what so ever. In the trial, described 
in Chapter 2 splinted restorations were used. Vigolo & Zaccaria (2010) showed that 
splinted and non-splinted restorations on implants perform evenly well. This concept 
was applied in the studies described in Chapters 4 and 5. Knowing the results of 
the study of Vigolo & Zaccaria (2010) and the studies described in Chapters 4 and 
5, restoration in the trial described in Chapter 2 could have been done with single 
restorations too; most likely with the same results. Even the four splinted implants in 
the resorbed mandible to support an overdenture, as reported in Chapter 3, could 
have been kept solitary. Although there are several considerations to make a choice 
for 4 implants with a bar-retained attachment system in the severely resorbed man-
dible (Stellingsma et al. 2013), from a mechanical point of view short implants with a 
solitary attachment system can probably serve as well.
Wittneben & Buser (2013) found in their 10-year retrospective study concerning 
complication and failure rates with implant-supported fixed dental prostheses and 
single crowns, 2% loss of retention of the restoration (abutment and/or crown) and 
20% ceramic chipping (mainly after more than 5 years in function). But also stud-
ies with shorter evaluation periods showed prosthetic complications (Pjetursson et 
al. 2007). No restoration failure was observed in the studies reported in this thesis 
(Chapters 4 and 5), notwithstanding single restorations with high crown-implant 
ratios were applied and inevitably high occlusal and lateral forces were generated. 
It must be noted, however, that in the current studies the follow-up period was one 
year, which is a short follow-up period. On the other hand, the possibility exists that 
short implants are less prone to restorative complications. Pierrisnard et al. (2003) 
stated a beneficial effect of shorter implants. The relative mobility of healthy osseo-
integrated short implants could act as shock absorber, leading to reduced impact 
forces on the restoration. 
Since 6-mm implants placed in bone heights where 11-mm implants could have 
been placed (Chapter 2) were as successful as controls (11-mm implants), one could 
ask if there is altogether necessity for the use of longer implants. The general per-
ception is that longer implants have a reserve in support in case of peri-implant 
complications. But even if short implants become subject to peri-implant infection 
with bone loss, a probably earlier implant loss compared with longer versions could 
even be considered as an advantage since treatment of peri-implantitis is still not 
predictable (Esposito et al. 2012). Loss of short implants is probably accompanied 
by less severe bone defects and long-lasting infection when compared to implants 
of conventional length. 
Patients were equally satisfied after one-year (whether 6-mm or 11-mm were 
used) and there was a significant difference in satisfaction score compared with the 
pre-treatment situation (Chapters 4 and 5). It seems that the use of short implants, 
compared to long implants, does have the same effect on function and aesthetics.
chapter 7 / 8988
Conclusions
Implants of 6 mm in length provide a stable base for single tooth restorations in the 
posterior region and for support of mandibular overdentures. Patients’ satisfaction is 
high and the one-year peri-implant parameters are favourable. In detail: 
- Treatment with 6-mm implants is as reliable as treatment with 11-mm implants in   
 case of a bone height allowing 11-mm implants; 
- Four 6-mm dental implants inserted in an extremely resorbed edentulous mandible 
 provide a solid basis for bar-retained overdentures; 
- 6-mm implants and 11-mm implants combined with sinus floor elevation surgery are  
 equally successful to support a single restoration in the resorbed posterior maxilla; 
- 6-mm dental implants inserted in the resorbed posterior mandible provide a solid  
 basis for single tooth restorations; 
- Crown-implant ratio’s are not associated with biological or technical complications.
Before becoming clinical routine, there is a need for long-term follow-up of 
controlled studies. When proven reliable, also on the long run, short implants will 
become the treatment of choice for a wide range of indications and will significantly 
reduce the indication of implants of 10 mm and longer.
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